INTRODUCTION: Large-cell neuroendocrine carcinoma (LCNEC) in the duodenal ampulla of Vater is a rare malignant tumor, with frequent postoperative recurrence and poor prognosis even following complete resection. Effective adjuvant chemotherapy is expected to offer longer survival. PRESENTATION OF CASE: We present two patients with LCNEC accompanied by components of tubular adenocarcinoma/adenoma in the duodenal ampulla of Vater who underwent pancreaticoduodenectomy (PD), resulting in longer survival of 1 patient. The first patient was an 81-year-old man in whom a 14-mm protruding solid tumor of the ampulla was observed. Pylorus-preserving PD (PPPD) was performed for the diagnosis of adenocarcinoma of the ampulla, and the final histological diagnosis of the resected specimen was LCNEC with an adenoma component. The patient showed a liver metastasis 4 months after surgery and died of carcinoma after 11 months. The second patient was a 72-year-old man with a 24-mm ulcerative solid tumor of the ampulla. PPPD was also performed in this patient, and the final histological diagnosis was LCNEC with mixed adenocarcinoma component (21%). Adjuvant chemotherapy of cisplatin and etoposide was administered, and the patient survived without tumor relapse for 24 months after surgery. CONCLUSION: In the surgical treatment of LCNEC of the ampulla showing malignant behaviour, an accurate preoperative diagnosis and effective adjuvant chemotherapy after curative resection are necessary for longer survival.
Introduction
Neuroendocrine carcinoma (NEC) of the duodenal ampulla of Vater is one of the types of neuroendocrine tumors (NET G1 and G2, NEC, and mixed adenoneuroendocrine carcinoma [MANEC] ) that was classified by the diagnostic criteria of the World Health Organization (WHO) classification in 2010 [1] . NEC is characterized as large-cell NEC (LCNEC) and small-cell NEC by histological findings. The prevalence of NET in the ampulla is less than 5% of all duodenal malignancies and only 0.3% of the NET of the entire digestive tract [2] [3] [4] [5] [6] . Among NET in the ampulla, LCNEC is extremely rare; only a few examples and small case series are documented in the English literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Because LCNEC of the ampulla is very rare, its clinical features and treatment strategy are not well established. Preoperative diagnosis by imaging or endoscopic biopsy is often difficult [6, 7] . The prognosis in patients with this disease is very poor and the prevalence of postoperative tumor relapse is very high in patients in whom liver metastasis is predominant [3] [4] [5] [6] [8] [9] [10] . To obtain a better patient prognosis after surgery, adequate and effective adjuvant chemotherapy is necessary. We recently encountered two contrasting cases of LCNEC accompanied by components of tubular adenocarcinoma/adenoma in the duodenal ampulla of Vater in which the patients underwent radical pancreaticoduodenectomy (PD).
Presentation of cases
The first patient was an 81-year-old man with no clinical symptoms. Increase in the values of hepatobiliary parameters were found at the medical health checkup. The laboratory data showed increased levels of total bilirubin (7.1 mg/dl; normal range <1. aminotransferase (223 IU/L; normal range <42) and alkaline phosphatase levels (1117 IU/L; normal range <322). Tumor markers of carcinoembryonic antigen (CEA) and CA19-9 were increased to 5.3 ng/mL (normal range <5) and 81.3 U/mL (normal range <37), respectively. Fig. 1a and b shows the obstructive dilatation of the bile duct and tumor lesion observed in the ampulla of Vater on abdominal computed tomography (CT) and magnetic resonance cholangiopancreatography (MRCP), respectively. Fig. 1c and d shows a 14-mm irregular protruding tumor lesion at the ampulla by the duodenal endoscopy and the resulting biliary stricture as indicated by endoscopic retrograde cholangiopancreatography (ERCP), respectively. Preoperative biopsy of the tumor revealed suspected poorly differentiated adenocarcinoma. Radical pyloruspreserving PD (PPPD) with regional lymph node dissection was performed. The resected specimen showed an ampullary protruding tumor infiltrating the duodenum, pancreas, and lower bile duct (Fig. 2a) . Lymph node metastases were not found. Atypical cells with hyperchromatic nuclei proliferated in solid or sheets in which the mitotic index was increased to 32 per 10 high-power fields and the MIB-1 index by Ki67 stain was high at 89% (Fig. 2b ). Specimens were diffusely positive for both synaptophysin and chromogranin A staining (Fig. 2c) , which represented poor differentiation and LCNEC. The tissue around the tumor cells showed papillary adenoma (Fig. 2d) . The patient did not undergo adjuvant chemotherapy. However, multiple liver metastases were observed within 4 months postoperatively, and the patient died of this disease 11 months after surgery.
The second patient was a 72-year-old man with liver dysfunction diagnosed during follow-up for diabetes and hypertension. The laboratory data showed an increase in hemoglobin A1c to 6.6% (normal range <6), with other data almost within the normal ranges. CEA and CA19-9 levels were within the normal range at 2.6 ng/mL and 10.9 U/mL, respectively. Fig. 3a shows the obstructive dilatation of the bile duct and the tumor lesion as observed in the ampulla of Vater on abdominal CT. Fig. 3b-d shows a 24-mm irregular ulcerative tumor lesion at the ampulla by duodenal endoscopy that was shown to infiltrate into both the pancreas parenchyma and the lower bile duct by endoscopic ultrasonography (EUS) and ERCP, respectively. Preoperative biopsy of the tumor showed a mixed component of tubular adenocarcinoma and NEC by immunostaining as shown in Fig. 4a-d . Radical PPPD with regional lymph node dissection was performed. The resected specimen showed an ampullary protruding tumor infiltrating the duodenum, pancreas, and lower bile duct (Fig. 5a) . One lymph node surrounding the pancreas head was confirmed as a metastasis. As observed in the biopsy specimen, atypical cells with hyperchromatic nuclei predominantly proliferated in solid or sheets in which the mitotic index was increased to 32 per 10 high power fields and the MIB-1 index by Ki67 staining was high at 67% (Fig. 5b) . Similar to that observed in case 1, both were diffusely positive for synaptophysin and chromogranin A staining, which represented poor differentiation and LCNEC (Fig. 5c) . Furthermore, well-differentiated tubular adenocarcinoma was observed in 21% of the tumor area (Fig. 5d) . The patient underwent adjuvant chemotherapy with etoposide plus cisplatin for 4 months according to the regimen for small cell lung carcinoma. The patient survived without tumor relapse for 24 months after surgery.
Discussion
We report here the case of two patients with LCNEC in the duodenal ampulla of Vater, which were extremely rare malignancies with aggressive behaviour. NET of the ampulla account for 2-8% of ampullary neoplasms, and almost all NET are classified as NET G1 and G2, with NEC being very rare [2] [3] [4] [5] [6] 8, [11] [12] [13] . Among 6081 malignant neoplasms of the ampulla, NET was reported in 139 cases in a US population-based study from the National Cancer Institute's Surveillance, Epidemiology, and End Results data from 1973 to 2006 [2] . Further, LCNEC is extremely rare, comprising only 4% (6/139) of the ampullary NET reported in that study. Some individual case reports and small series of LCNEC have been documented [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Beggs et al. studied a pooled analysis of previously published reports of LCNEC cases in 2012 and collected only 20 patients [8] .
NEC has been reported often in concomitant observation with adenoma, adenocarcinoma, and other malignancy components [2, 3, [8] [9] [10] [11] [12] . MANEC is classified by WHO when the rate of mixed, adenocarcinoma components is over 30% [1] . The rate of adenocarcinoma components in our present second case was less than 30%, different from MANEC, and thus was diagnosed as LCNEC. Our first patient had coexistence of LCNEC and adenoma, and the second patient had coexistence of LCNEC and adenocarcinoma. The associations with NEC and other neoplasms such as adenocarcinoma suggest a common initial carcinogenesis from the same multipoint stem cell [3, 12, 17] .
A correct preoperative diagnosis of NET of the ampulla is difficult. The rate of accurate preoperative diagnosis of NET of the ampulla was reported to be below 30% [5] [6] [7] 13] because patients with NET present with clinical symptoms and imaging similar to that of adenocarcinoma of ampulla. Furthermore, many of the tumor cells are located in the submucosa and are difficult to be detected in biopsy specimens. Most patients might be asymptomatic or show indefinite symptoms, and liver dysfunction due to biliary obstruction is possible as observed in our two patients. Symptomatic NET showing carcinoid syndrome is rare [3, 4] . Detailed and adequate preoperative examinations such as endoscopy, EUS, ERCP, CT, and MRI are necessary to determine the range of tumor infiltration. Furthermore, histological examination with immunostaining of specimens obtained by endoscopic or EUSguided biopsy is necessary to define the treatment strategy noted in our patients [4, 6, 14] .
NEC of the ampulla behaves aggressively, and the prognosis is poor [2, 3, 5, 6, [8] [9] [10] [14] [15] [16] . LCNEC of the ampulla has a tendency for distant metastasis, and almost all patients die of the disease after less than one or two years despite curative surgery [8] . Early development of metastases is frequent as seen in our first case. A radical operation such as PD with extended lymphadenectomy should be scheduled first even in patients with a small-sized tumor as noted in our patients and previous reports because of the high potential for malignancy [2, 4, 6, 7] . Local resection such as endoscopic papillectomy is a limited indication for patients unable to tolerate surgery [4] . After a radical operation such as PD, however, patient prognosis remains poor, and more effective adjuvant therapy is needed [8, 14] . Adjuvant chemotherapy has been reported previously, which comprises an etoposide plus cisplatin regimen for small lung cell carcinoma [18] . In Japan, another regimen, cisplatin plus irinotecan or S-1, was recently attempted [12, 19] . Use of such adjuvant chemotherapy after radical operation enable long survival of some patients without tumor relapse [19] . By comparing our first and second patients, the significance of adjuvant chemotherapy after surgery could be expected by considering the two outcomes although we have no additional evidence for this. Because an administration protocol for adjuvant chemotherapy after surgery is not definitely decided for LCNEC, a future clini- cal trial with a large number of patients is expected worldwide. In this report, we would like to emphasize the importance of adequate surgery and adjuvant chemotherapy for LCNEC of ampulla. This work has been reported in line with the SCARE criteria [20] .
Conclusion
We report two patients of LCNEC of the ampulla accompanied by tubular adenocarcinoma/adenoma components, which is very rare. Preoperative detail imaging examinations and the accompanying detailed histological examination were useful to diagnose NEC and to decide the adequate indication of radical operation such as PD with lymphadenectomy. The patient outcomes after radical surgery differed between these two patients because of the use of adjuvant chemotherapy in the second patient. Therefore, we believe that adequately extended radical resection and additional adjuvant chemotherapy are necessary to provide longer survival to patients with LCNEC of the ampulla.
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